Speed has been identified for a long time as a key risk factor in road traffic
INTRODUCTION
Based on the most recent report of the World Health Organization, in the year 2013 about 1.25 million people were killed on the world roads, that is, about 3 thousand people died every day. Road traffic injuries are the eighth leading cause of death globally, and the leading cause of death for young people. The cost of dealing with the consequences of these traffic accidents runs to billions of dollars. The governments of the world declared 2011-2020 as the "Decade of action for road safety"; the goal of the Decade (2011-2020) being to reduce the increasing trend in road traffic fatalities, saving an estimated 5 million lives over the period [1] .
Traffic accidents are generally determined by a combination of more factors related to the components of a system including roads, the environment, vehicles and road users, and the way they interact. For almost all the traffic accidents the main cause is certainly human error. In fact, relative proportion of contributing factors due to the driver behaviour amounts to 93%, while 30% is the relative proportion linked to the interrelation between roadway and driver factors [2] . Considering this evidence, the road safety concept cannot be separated from the analysis of human behaviour, the driver being a contributing factor that can be modified; in other words the driving behaviour can be adapted to the road, environment and vehicle conditions. So, traffic accidents and accident severities can be reduced by implementing specific measures to target the driving behaviour [2] . The report of the World Health Organization confirms that among all the risk factors related to the driving behaviour, speeding is considered as the major road safety problem in all countries. There are some studies in the literature investigating speeding as the cause of accident. As an example, the study of Cabral et al. [3] aims to contribute to the reduction of accidents caused by speeding, and, through the use of multisensory information, to help the driver maintain a more regular driving and controlled speed. They focus their
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THROUGH SPEED ANALYSIS L. Eboli, G. Guido, G. Mazzulla, G. Pungillo, R. Pungillo: Investigating Car Users' Driving Behaviour through Speed Analysis work on young drivers. On the other hand, the study proposed by Chevalier et al. [4] focused on old drivers' speeding behaviour. They investigated whether a reduction in speeding forms part of the self-restrictive driving behaviour evident when older drivers experience poor cognitive and visual function. Anyway, from the statistics on the road accidents, it emerges that higher driving speeds increase the likelihood of a crash occurring, and the crash severity [2] . Considering this evidence, interventions to reduce speed can surely lead to significant reductions in traffic injuries [1] . For this aim, classifying driving behaviour on specific driving styles can be useful in identifying the preventive measures to be adopted. In 1990 Reason et al. [5] introduced the Driver Behaviour Questionnaire (DBQ), which consisted of 50 items describing a variety of errors and violations during driving. Since the work of Reason et al. (1990) [5] the popularity of DBQ has increased tremendously, and there exist many variants of DBQ. Several studies investigated the relationship between driving behaviour and road accidents by means of these instruments. The work of Winter and Dodou (2010) [6] analysed 174 studies using DBQ. However, this kind of studies are based only on drivers' statements. On the other hand, there are studies investigating driver behaviour on the basis of kinematic parameters such as speed and accelerations. These studies attempt to classify the driving behaviour and driving style (e.g. Eboli et al. [7] ). The driving style is intended as the whole of manoeuvres that a driver performs while driving, in safe or unsafe conditions. Different drivers have different driving styles: driver's personal characteristics and habits will affect their reaction when faced with a dangerous situation while driving [8] .
Traditionally, by considering driving behaviour, the drivers were distinguished on the basis of their level of "aggressiveness" (see for example [9] ), where an aggressive driving style is a way of affecting any type of manoeuvre on a vehicle in which the driver deliberately behaves in such a manner as to increase the risk of a road accident. Aggressive drivers have a driving style characterized by high speed together with numerous and sudden changes of the instantaneous speed, which cause sudden acceleration and deceleration. This field has been extensively researched by various researchers. The Pennsylvania Department of Transportation defines aggressive driving as "the operation of a motor vehicle in a manner that endangers or is likely to endanger persons or property". McTish et al., 2016 [10] retain that it is necessary to explore and investigate patterns of aggressive driving behaviour as a way of helping identify potential problem drivers and create a sustainable driving behaviour. In their study, five-year crash dataset was analysed to find common factors associated with the aggressive driving. The US National Highway Traffic Safety Administration (NHTSA) defines as aggressive such driving actions referred not only to speeding (exceeding the posted limit or driving too fast for the conditions), but also to other driving actions such as: improper signalling and lane changing (failing to signal intent, using an emergency lane to pass, or passing on the shoulder, cutting into another car's path); tailgating (driving near the back of another car at too close distance); driving in improper lane (travelling too slow in passing lane causing other drivers to perform more frequent lane changes). As a consequence, we could generally say that an aggressive driver has an "unsafe driving behaviour". In fact, as an example, based on national statistics from the NHTSA it is apparent that aggressive driving is highly related to crash fatality rate (McTish et al., 2016 [10] ).
On the contrary, some researchers have distinguished between two main categories of drivers, that is, "aggressive" or "cautious" driver (see for example [11] ). Cautious driver is often described also as "careful" (see for example [12] ). A driver can be considered as cautious when they try to maintain a constant moderate speed, avoiding sudden acceleration and braking, indicating that they feature "safe driving behaviour".
Taubman -Ben-Ari et al. [13] suggested four broad driving styles: (1) the reckless and careless style, which refers to deliberate violations of safe driving norms and to thrill seeking while driving, and it is characterized by high speed, racing, and illegal passing; (2) the anxious style, which relates to feelings of alertness and tension, along with ineffective relaxation activities when driving; (3) the angry and hostile style, which refers to expressions of irritation and rage, as well as hostile attitudes and acts on the road, and is typified by a tendency for aggressive behaviour, such as cursing or flashing lights at other drivers; and (d) the patient and careful style, which reflects a well-adjusted style of driving, including planning ahead, attention to the road, patience, courtesy, calmness, and obedience to traffic regulations.
The classification of the driving style is an issue that has recently become of interest for many researchers, since this topic is found to be closely related to the environmental sustainability. In fact, as well known, a careful driving style allows minimization of road accident risk, but also reduction of CO2 emissions, fuel consumption and the vehicle wear [14] . In addition, as noted by Bonsall et al. [9] , the key parameters of traffic simulation models have been derived from theory or informed guesswork rather than from observation of real behaviour of the drivers. Starting from this observation, the aim of this work is to introduce a methodology for classifying the driving style of the car drivers on the basis of real road driving data collected for different drivers. Given the different driving style classifications resulting from the literature review, we have chosen to distinguish between "safe" or "unsafe" driving behaviour, which we retain as the most general classification. A "safe" behaviour can be defined as a condition in which the driver is far from risk of accidents; on the contrary, "unsafe" behaviour indicates driving with a high level of accident risk. These two kinds of conditions on the basis of a method based on the use of a kinematic parameter, which is speed.
The next section proposes a brief literature review of studies where road safety was investigated in terms of the travelling speed. The third section proposes a description of the method proposed for classifying the driving behaviour, based on the values of the travelling speed. In the fourth section the results are reported, and finally some conclusions about the work are provided.
ROAD SAFETY AND TRAVELLING SPEED: LITERATURE REVIEW
According to a study conducted by the European Commission [15] over 80% of European drivers are convinced that driving at excessive speeds is often a determining factor in the occurrence of traffic accidents. At the same time, many drivers exceed the speed limit: a percentage of users between 40 and 60% violate speed limits, and about 10-20% of this percentage exceeds the limit imposed over 10 km/h (ESRA, 2016) [16] .
There are many factors that can influence the speed adopted by a driver on a specific road section. The choice of speed can be influenced by the psychophysical state of the driver, personal preference, social pressure, characteristics of the vehicle and all types of interactions among them, but also by environmental factors as the weather conditions and the characteristics of the road.
The travelling speed affects both the risk of being involved in a traffic accident and the severity of an accident [17] . Many studies have focused their attention on the relationship between speed and accident risk. An exhaustive review is reported by the Australian Transport Safety Bureau [18] and Aarts and van Schagen [19] .
The first significant study that allowed an examination of the relationship between vehicle speeds and crash risk was proposed by Solomon [20] . This study is often quoted to supporting the idea that a strong relationship exists between crash risk and speed variance, in the sense of different speeds in a traffic stream. Solomon found that the involvement rates took the form of a U-shaped curve as a function of deviation from the mean speed, according to indicate a higher probability of an accident for both low and high speeds. A few years later Cirillo [21] published results of a study similar to Solomon's, but undertaken on interstate highways rather than rural highways. Also, the Research Triangle Institute [22] conducted a similar analysis for crashes. The findings of RTI for state highways were presented in terms of accident involvement rates for categories of deviation from the mean speed, calculated in a similar manner to that of Solomon: speed deviation of crash-involved vehicles from the average appears to be positively related to crash probability, especially for arterial highways and interstates. In every way, both studies found a U-shaped relationship and have demonstrated that crash rates were the lowest for the drivers travelling near the mean speed, and increased with deviations above and below the mean. In conclusion, these three studies provide evidence that both driving faster and slower than the surrounding traffic, increase the risk of crash.
More recent studies, especially those carried out in Australia [23, 18, 24] that used more accurate speed estimates, indicate that vehicles that drive faster than the average on that road have higher crash rate; vehicles that drive slower, however, were found not to have an increased risk. Speed deviation of crash-involved vehicles from the average appears to be positively related to crash probability, especially for arterial highways and interstates.
Very few studies explore the modelling of personal driving style of vehicle drivers based on the driving parameters. As an example, Miyajima et al. [25] modelled the relationship between following distance and speed to identify driving style performance and classify drivers into groups based on their car-following patterns.
Constantinescu et al. [26] investigated personal driving styles of various vehicle drivers based on several driving parameters collected by real-time vehicle tracking, such as speed, acceleration, braking, mechanical work. Based on PCA (Principal Component Analysis), they suggest 5 categories of "aggressiveness": from non-aggressive to very aggressive.
Hong et al. [27] understood and modelled aggressive driving style by implementing an in-vehicle sensing platform using Smartphone technology. They used these data and applied machine learning to build a driver model that evaluates the drivers' driving styles based on a number of driving-related features.
EXPERIMENT
Starting from the literature review, we developed the idea of defining the driving style of car drivers based on speed values recorded by real-time vehicle tracking, and introducing types of driving behaviour according to ranges of speed.
Specifically, real road driving was tested by analysing instantaneous speed values surveyed through smartphones with embedded GPS chips. Speed values were recorded by means of an app for smartphones which allows the geo-referenced kinematic parameters of the vehicle to be detected.
The experiment involved a real context, that is a part of the Italian National road n.106 "Jonica" (SS106), which is a rural two-lane road 491 km long connecting Apulia with the Calabrian regions, in Southern Italy. SS106 annually experiences a large number of accidents and for this reason it was named the "death road"; as reported by the Italian Bureau of Statistics [28] , in 2009 SS106 was the Italian road with the highest death rate (0.46 dead persons per kilometre). The analysed road segment is 10 km long. It is an interurban, almost flat road with a maximum longitudinal grade equal to 4%. Each lane of the road segment is 3.5 meters wide. It lacks in lighting and, although the road is far from significant urban areas, there are junctions, and not detected or inadequately detected private accesses along the route. From a planimetric point-of-view the road segment presents a very discontinuous pattern, with radii of curvature ranging from 120 to 520 metres and very tortuous path, especially in the southern part.
The road segment consists of 29 elements: 15 tangents and 14 curves. Nevertheless, the analysis was performed on 22 elements, because the first five elements and the last two were excluded from the analysis for lack of surveyed data. Each element was characterized by the length (L), curve radius (R), 50 th and 85 th percentile speeds (V 50 , V 85 ), average speed (V m ), design speed (V d ), posted limit (V L ) ( Table 1) . Design speed values were calculated by using the formulation proposed by the Italian National Research Council [29] , reported in Equation 1 , as a function of the curve radius R and by considering the physical laws that govern a vehicle's motion with respect to the road geometric characteristics.
The analysed road segment was repeatedly run by drivers in order to collect the instantaneous speed values for each trajectory. To this aim, vehicles equipped with a GPS-embedded Smartphone were used; a specific app allowed the speed values to be recorded, by adopting a frequency of 1 Hertz, together with the instantaneous vehicle positions, that is, latitude and longitude [30] . Starting from these data, the 50 th and 85 th percentile speeds (this last one is the operating speed), and the average speed of the sampled drivers were calculated for each road element [31] ( Table 1) . The experiment consisted in gathering instantaneous data when the path was covered by 27 drivers with different driver behaviour. A total of 27 real tests was made, all covered in the same direction; during the tests they registered 7,818 instantaneous values of vehicle positioning (latitude and longitude), with an average value of 290 points per survey. In Table 2 we reported some characteristics of the drivers. The drivers were prevalently males (23 out of 27), aged from 22 to 60; on the average, the sample is made up of young drivers at an age of 34. Real road driving was tested by drivers who did not habitually run the road segment: only 9 out of 27 drivers were habitual users of the analysed SS106 road segment. Finally, the tested drivers were distinguished among three levels of driving experience. The level of driving experience was determined by considering the years of driving license and the average number of annual Kms. More specifically, we assigned three levels to an indicator of driving license according to the following criteria: the indicator is equal to 1 if the years of driving license are lower than 5; 2 if the years are between 6 and 10; 3 if the years are more than 10. Analogously, we assigned three levels to an indicator of annual Kms according to the following criteria: the indicator is equal to 1 if the number of Kms is lower than 10,000; 2 if the number of Kms is between 10,000 and 30,000; 3 if the number of Kms is more than 30,000. The indicator of driving experience is obtained by adding the values of the above described indicators, and by assigning a level of experience according to the following criteria: the level of driving experience is low if the sum is 2; it is medium if the sum is 3 or 4; it is high if the sum is 5 or 6. By observing Table 2 it can be stated that 3 out of 27 were drivers with a low level of driving experience (11% of the sample), 15 out of 27 (56%) drivers had a medium level of experience, and 9 out of 27 (33%) could be considered as very expert drivers, due to the large number of years since they have the driving license and/or the average number of annual Kms.
CLASSIFICATION OF DRIVING BEHAVIOUR
The main result of this study is the classification of driving behaviour based on the car driver's travelling speed. The research on driving behaviour focused on the definition of threshold levels and how they relate to the driver performance. The proposed classification provides three types of driving behaviour according to three ranges of speed. The ranges of speed were defined on the basis of the values of the 50 th percentile speed (V 50 ), operating speed (V 85 ), and average speed (V m ) (calculated by means of the instantaneous recorded speed), the design speed (V d ) and the posted limit (V L ).
The aim of the methodology is to obtain a judgment on the driving style; instead of having an overall judgment for the entire route, the attempt was made to find a policy that would provide information on the driving behaviour on each geometric element of the analysed road segment. In fact, the methods reported in the literature provide an overall judgment and do not offer the opportunity to provide information to drivers about the features (geometric elements) they need to know to correct their behaviour in order to reduce the errors that can cause fatal effects.
For this purpose, travelling individual speed profiles and speed indicators (threshold values) are necessary, and therefore speed ranges to classify the driving style for each road element (curve, tangent). In particular, two values were defined as threshold: the lowest value and the highest one.
According to the studies on the relationship between the risk and/or the severity of the road accidents and the travelling speed, the lowest threshold is defined as the minimum value between the V50 and the average speed of the sampled drivers. If the speed profile has normal distribution, that is, the kurtosis is zero, the two speed values are just the same.
Many international studies [32, 33] agree in considering the operating speed (V85) as an average speed value which is adequate to the characteristics of the road section; above this value the driving behaviour can be considered as "dangerous". This speed, in fact, is used in many countries as a reference value to establish speed limits. This approach, despite enabling the establishment of credible limits for drivers, in some cases this is not very applicable. As an example, on the most of Italian roads it is very common that the 85 th percentile speed is higher than the design speed, which is defined as "the maximum constant speed that an isolated vehicle may maintain, in a safe condition, over a specified section of highway". For this reason, the minimum value between the operating speed, design speed and speed limit was chosen as the highest threshold.
Definitively, in this paper the analysis of the data is performed based on the following criteria:
Above the highest threshold safe conditions fail, and then drivers are considered to have an "unsafe driving behaviour". It is supposed that also below the lowest threshold safe conditions fail, and the user features dangerous driving behaviour because the vehicle travelling at a reduced speed can be an obstacle to other vehicles travelling on the same road segment, especially in the same direction [34] . More specifically, this behaviour is considered as "safe" for the analysed driver, but "potentially dangerous". In fact, travelling at a speed lower than other vehicles can irritate other drivers and encourage them to overtake; this L. Eboli, G. Guido, G. Mazzulla, G. Pungillo, R. Pungillo: Investigating Car Users' Driving Behaviour through Speed Analysis behaviour increases the probability of a traffic accident. For this reason, in many countries, some categories of slow vehicles have no access to the fast-flowing roads. Specifically, the Italian rules enforces an economic sanction to drivers who drive at a certain speed that can be dangerous for the road traffic.
By summarizing, we can have the following driving behaviours: 1) safe (but potentially dangerous) driving behaviour if V≤V (lowest threshold) 2) safe driving behaviour if V(lowest threshold)<V<V (highest threshold) 3) unsafe driving behaviour if V≥V(highest threshold).
These criteria were applied to the experimental data collected for the analysed road segment. Table 1 shows the geometric characteristics of the road elements together with the values of the lowest and highest speed thresholds. The proposed driving behaviour classification can be applied in a rural two-lane road for which the design speed and posted limit have a value higher than both the 50 th percentile speed and the average speed.
When these hypotheses are not verified we can assert that the "unsafe" driving behaviour is not affected only by the driver's personal characteristics and habits but is due also to the planimetric and altimetric road characteristics and an inappropriate road design.
In Table 2 we reported for each driver a classification of the road elements according to the criteria described above; in other words, for each driver, we know the number of road elements with "safe but potentially dangerous driving behaviour", with "safe driving behaviour", and with "unsafe driving behaviour". By considering this count, we can provide a prevalent driving behaviour for each driver, on the basis of the highest number of elements including one of the three categories of behaviour. As an example, the first driver is classified as an "unsafe driver" because they prevalently adopted an unsafe behaviour (in 15 out 22 road elements).
By applying the proposed criterion, there are only 4 drivers who feature "safe" behaviour, almost all driving in a safe manner in most of the road elements (about 60%); one of these four drivers (driver no. 16) can be considered a borderline case, because they were "safe" in 9 elements, but unsafe in 8 elements ( Table 2 ). All the drivers with a safe driving behaviour are males, and three are young people; they have medium or high driving experience, and they are prevalently habitual drivers of the analysed road. We have calculated the correlations among the different variables reported in Table 2 . As an example, we found a discrete negative correlation (0.31 is the absolute value) between the type of driver and the number of elements with "safe" behaviour; this means that if the driver is not habitual the behaviour inclines to be unsafe. On the other hand, there are 6 out of 27 drivers who feature "unsafe" behaviour ( Table 2) . These drivers are prevalently male (5 out of 6), and they are all young people; they belong to different categories of driving experience, but they are almost all not habitual users of the analysed road. These results are confirmed by the correlation analysis. In fact, we found a discrete negative correlation (0.32 is the absolute value) between age and the number of elements with "unsafe" behaviour; this means that the increase of age entails a decrease of elements with "unsafe" behaviour, so the behaviour inclines to be safe. The same effect is produced by the driving license (with a correlation coefficient equal to -0.44), annual Kms (correlation coefficient of -0.31), and consequently driving experience level (correlation coefficient of -0.41) meaning that if experience level increases, the driving behaviour inclines to be safe. Finally, the category including the drivers with safe but potentially dangerous behaviour is the largest (17 drivers out of 27). Almost all the females (3 out of 4) belong to this category, as well as almost all the less young drivers. We observed a certain positive correlation of age, driving license, driving experience level with the number of elements with "safe but potentially dangerous" behaviour (0. 22 and driving experience increase, the drivers incline to drive at a low speed which can be dangerous for road traffic.
The typical cases are represented by the drivers no. 11, 23 and 1 ( Figures 1, 2 and 3) . Driver no. 1 can be defined as an "unsafe" driver: in fact, he satisfies the 3 rd condition for almost all the road elements. On the contrary, driver no. 23 can be defined as a driver with a "safe" driving behaviour, because in the major part of the road stretch (14 elements out of 22) he satisfies the 2 nd condition. Finally, the driver no. 11 can be considered as a safe driver, but potentially dangerous for other drivers, who satisfy the 1 st condition in all the road elements.
CONCLUSION
Driving behaviour includes various driving actions, such as driving above the speed limit, responses to red-light cameras at intersections, behaviour at all-way stops, and attitudes towards pedestrians and cyclists. Out of these, speeding is the most recognized risk factor. The studies suggest that it is particularly difficult to change road-use culture regarding driving speed and observing speed limits [2] . Supporting judicial system plays a role in defining the proper driving behaviour: if drivers know that the speed limits are rarely enforced, drivers will see little reason to reduce their speed. So, in order to reduce traffic accidents, combining different measures seems to offer potential advantages; as an example automated enforcement for speed, appropriate enabling legislation, public education campaigns. Starting from these considerations, we can state that it is very important to investigate the driving behaviour in terms of speed adopted by the drivers. Our paper focused just on this issue. More specifically, we defined the driving behaviour of car drivers based on speed values recorded by real time vehicle tracking, and introducing types of driving behaviour according to ranges of speed. We determined that supporting the research studies about accident risk analysis with real test can help in defining the driving behaviour, also in order to sensitize the drivers about their dangerous driving behaviour and to introduce efficient measures to reduce the travelling speed and traffic accidents.
In addition to the proposed classification of driving behaviour, which can be useful for other researchers for analysing other real contexts, the most relevant findings concern the analysis of driving behaviour in relation to the characteristics of the drivers. We found that if age and driving experience level increase, the behaviour inclines to be safe or the drivers tend to drive at a low speed which can be dangerous for road traffic. However, if the driver is not habitual the behaviour inclines to be unsafe. It can be concluded that young people with low driving experience are more oriented to unsafe driving behaviour in terms of speeding.
Development of the proposed study will surely consist in an extension of the sample in order to better investigate the driving behaviour and the relationship with the drivers' characteristics.
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